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It shouldbe clearthatin order

isnecessarythat‘theairwhichflows

givena downwardacceleration;indeed

thereactionproducedby thedownwrd

to obtaina liftit

pastan aerofoilbe

theliftcanbe only

accelerationof the

flowingair. ‘Themotionoftheair intheneighborhoodof.
an aerofoilmaybe followedtheoreticallywithgreatexact-

ness. Inthefollowing,it tillbe undertakentomakewder-

stood,throughthesinplestpossibleconsiderationstheef-

fe~tof spanandloadingontheairforceon an aerofoil,

andwhilethesedo notforma strongprcofofthecorrect-

nessof theformulaedeveloped,yettheyexplaintheessen-

tialfeaturesofthephenomena.

Onemay obtaina practicalmentalpictureoftheflow”

. intheregionofan aerofoilby imaginingthatat a given
d

instsmta horizontalsurfacebehindthewingismovingdown-
>
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wardwitha velocityw. Thissw-facehasa breadthCEUF..1

to thespan b andextendsto an infinit-edistanceto the
.

rearof theaerofoil(infinitein relationto thepoint——— .

f~omwhichtheflightof thaaerofoilbegan.) Theqwli-

tativecourseof sucha flowrecy~iresno specialdifficul-

ty inpresentation.Theentireaircolumnaboveandbelow

thesurfacepartakesofthedownwindmotion,althoughthe

velocitywillbe lessandlessas thedistancefromthe

surfaceincreasss.In orderto furthersimplifyourin-

vestigation.letus paqsfromthisinfiniteairmass,with ~

itsvelocitydecreasingto zero, tc an airmassoffinite

boundarieswhichis in uniformmotionwiththevelocityW.

Letthebreadthof thisaircolumnbe b anditsheight

be h.

Thelift A is equalto theverticalmomentumimpart-

edto theairpersecond,ortc theproductof themassby

theverticalvelocity.Sinoein eachsecond,a massequal

to [$bhv) isaffectedby theaezofoilandis influenced .

anew(thehypotheticalboardbecomesv m. longereach

second), the impaztedverticalmomentumandthereforethe

lift,is “

A.: ,bhvw

where

“~= airdensity,
1%

v. velocityof flight.
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Ccncerningihewgnitudeof theeffectiveheight h,

wecannotbe certainuithoutexperiment.Yetit is clear

thatitmaybe eXpre8s~diznmuJ.tiplesofthebreadthof

tkeboard,i.e.,of the space b. We canthereforesay

that
h= K%

Tk.everticalvelooitybehindtheaerofoilisthengiven“Dy

If ws iniqoduce

andthesurfaceF, it is

where A = ca theiiftcoefficientandbZ/Fisthemeanij?
aspectratiooftheaerofoil.(Ifthechord t iscon-

stant F =bt and b~=~). Thevelocityw prevails

somedistanceto therearof theaerofoilin Ghepathof

flight,at somedistanceforwardtheairisyetundis%urh-

ed. Itis thereforepermissibleto assumethatat theaer-

Gfoila verticalvelocityof i71 prevailsandthatits

valueisbetweeno and ‘ii.Considerati,cnsof similarity

leadto theconclusionthatthZsvelocitymaybe taken

proportionalto w so thatwe obtain

WI = 1 .’ F
v ZT7ca=v



‘*

.

*

*

if~r=KE
w’

OrdinarilytheverticalvelocityW willnotbe con–

stantover the entire

spanwilldependupon

span. Themoreexact

aerofoil. Itsvariationalongthe

thedistributionofliftalongthe

consideration*oftheactualcourse

ofthestreamlinesandtheirinfluenceuponthecoeffic-

ientsshowsthatin thebestcasetheverticalvelocityis

constantalongthespan;Ktthereforehasthevalueofn/2,

Thisoccurswhen-thedistributionof liftalongthespan

isproportionalto theordinatesof a halfellipse(seeFig.

1). Fromtheusualperformance

themean valueof K:previously

differentfromthisbestvalue.

theformula
,-r 7

ofaezofoilsitappears

derivedis notessentially

We canthereforeseethat

n

usingthebestvaluefor ~ whichispossibleforthe”
v

givenproportions(1ift andspan)givesveryaccurateap-

proximationsforthenormalaerofoil. Pronounceddevia-

tionsaretobe expectedifthea,erofoiliS strongly mshed

autor if thesectionsat tipsareessentiallyclifferent

fromthoseat thecenter(Taube).

Theaerofoilis in an airstreamdeflecteddownwardsby

itsmotion.Thetangentof theangleofinclinationofthis

airstreamto thehorizontalhasthemeanvalue x. It isv
on onehandproportionalto theliftcoefficientCa = ~
* Originatingin thethoroughresearchofProf.Prandtlthat
whenevertheliftvariesalongthespanvortices are always
formedespeciallyin the~roximityofthe wingtipsandare
distributedin an approximatestraightlinebehindtheaero-
foil. It isassumedthatthe‘~field”setup by thesevor-
ticesgivetheactualcourseor directionof theairmotion.
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4 andon theotherhandapprox~$elyproportional.tothemean

aspectratio b2
r’ Theinclinationwillbe zeroifthere

isno lift,andalsoforallliftsinthecasewherethe

aspectratioisinfinite.As a resultof thislattercon-

ditiontheaerofoilof infiniteaspectratiohasspecial

significancebecauseaftera fashionitsuppliesa normal

formto whichtheforoeona chosenaerofoilinanundi~-

tortedairstream,withoutthedisturbinginfluenceofa

deflectedairstream,maybe ccmpared,Theforceonan aero--

foilof finitespanis thereforethesameas thatobtained

onan aerofoilof infinitespanplacedinan airstreamwhich

hastheinclinationof $- . Thecalculationismadeac-

cordingto thefollowingoutline,in whichtheangleof in-

clinationof theairstreamisdenotedby q (tan~=~)

andtheangleofthechordoftheaerofoilbyc,. Thevalues

fcrtheaerofoilof infinitespanaredenotedby thesub-

script~ i

Theaerofoilof infinitespanat theangleof attack

~ hasa liftcoefficientofCb anda resistancecoeffic-

ientof cwm; theresultantisthereforeCrm (Fig.2).

In orderto findthefcroeonan aerofoilof finitespan

onemustnextobtaintheangleof inclinationq fromthe

equation

tarlq=+. ca. l-
b2

(sincethe lift coef ficisntCa of theaerofoiloffinitespan

isverynearlyequaltc C&, thevaluecam maybe used to

calculateq ).
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If we nowconsidertheentirefigureto be turned

throughtheangle’~ (Fig.3} we obtainth~pictureforthe

aerofoilof finitespanina horizontalairstream(Fig.4).

In orderto obtaintheliftanddragcoefficientsforthe

aerofoilof finitespan,wenowneedbutresolvethere-

sultantcr whichhasbeengiventheadditionalinclination

~ intoitsverticalandhorizontalcomponentsCaand.c,w.
Q

Fromthecustomarysmallangleapproximations(COS~ = lj

‘1 sinc = tan ~ = ~ ) thereresultthefollowingsimple

formulae

4

% = Cwm + ca*d“
)

i2- )
w
A
-_~= (:) +V.]

‘-Ca cm.

in which

Thereis onefactwhichisnottakenintoaccountinthese
*

formulae,but it ispracticallyof S1ightinport~oe:the

verticalvelocityw* ofthedeflectedairstreamat the

leadingedgeoftheaerofoilis somewhatleESt“mnthatat

thetrailingedge,theairstraamis thereforesomewhat

. .
curved.Accordinglyit is necessarythattheaerofoil.of

finitespanbe moredeeplycamberedthantheaerofoilof

infinitespanin orderthattheymayhavethesameresult-

antforce.
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2. PratticalFormulae.

Itquitefrequentlyhappensinpraoticethatit is

desiredto obtainthecharacteristicsofan aerofoilofgiv-

en aspectratiowhenw havethedataonthesaaeprofile

for

# one

by
●

snot-heras~ectratio. Denotingthecoefficientsfor

aerofoilby thesubscript1 andthosefortheother

2, wehavethefollowingequatibnswhichgivethede-

siredresuitif m compareeachsurfacewiththeaerofoil
\

of infinitelen~th~usir,gtheaboveformulae,andtakethe

differenceoftheresults.

a2=al + $ ‘,
, )

c c cZ2=al=a )
1 in which

4

v Theresultsof thesecalculationsdo notgivetheair-

forceonthetwoaerofoilsforthe sameanglesof incidence.

Ordinarilythisisno

plottedin a curveof

whichmaybe extended

forthenewaerofoil.

objectionsincethevaluesmaYbe

airforceagainstangleof attack,

to covertheentirerangeof ang~es.

Note. Theanglesaremeasured“inradians.Theymaybe con-
vertedto degreesby theuse of thefactor57.3for
example ,,

a“ = c + s?’~” ‘J’‘-
d
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